The business environment is constantly changing. For organisations to gain competitive advantage, they require innovative methods to achieve future business goals. The capital assets of an organisation, such as its high-technology, complex systems, typically have long life-cycles, and are susceptible to obsolescence, requiring multifaceted support. Implementing integrated logistic support principles in supporting such systems improves the organisation's bottom line and reduces the total ownership and life-cycle costs. The research consists of a literature review, a case study analysis, and a questionnaire.
INTRODUCTION
The business environment is in constant flux. For organisations to gain competitive advantage, different methods are required to achieve future business goals. The capital assets of an organisation, such as its high-technology, complex systems, typically have long life-cycles, and are susceptible to obsolescence. These systems require complex support -in particular, those that have long or extended life-cycles. Jane's [1] mentions that the life-cycle of components from defence contractors is between seven and 15 years, whereas government life-cycles typically last from 25 to 40 years. In order for such complex systems to meet operational objectives, an integrated logistics support system (ILSS) is needed.
High-technology, complex systems encompass numerous distinctive and intricate assemblies and sub-systems that need to be supported and maintained if the entire system is to function as designed. These systems sometimes consist of fleets, which in itself makes their support a challenge. The systems are often ones whose failure could have dire consequences, requiring maintenance and support during their intended operational life, and sometimes during their extended life. They typically suffer from component obsolescence because suppliers no longer support the product; and they are subsequently upgraded to improve their designed performance. Component obsolescence may be viewed in terms of diminishing manufacturing sources and material shortages (DMSMS). Sufficient planning for cannibalisation, disposal, modifications, mothballing, phase-out, refurbishment, upgrades, and waste could minimise the risks associated with integrated logistics support (ILS). Given the above, this article's main aim is to determine whether various ILS aspects (viz., the determinants of obsolescence, economic decisions about supply support, the possible causes of errors by maintenance personnel, and types of failures/defects) differ between job orientation on the one hand, and knowledge and experience on the other.
BACKGROUND OF ILS
ILS was developed in the military, and is currently being used in a number of industrial applications such as navigational aids, rail, petrochemical plants, nuclear power plants, satellite earth stations, and radar. ILS combines all of the logistics elements to support a system or business. Combining these involves understanding how the elements are linked and how each one affects the others [2] . ILS, as mentioned by Jones [3] , is an "internationally accepted analysis methodology and management process". The policy of the UK Ministry of Defence (MoD) [4] dictates that "…ILS shall be applied to all product procurement", but uses the word 'acquisition' instead of 'procurement' [5] . ILS comprises various sub-elements. These are listed in Table 1 below. Reliability, availability and maintainability The traditional ILS elements are expanded by the US Defense Acquisition University (DAU) (2011) to include "product support management" and "sustaining engineering".* [11] Sources: [6] , [7] , [8] , [3] , [4] , [9] , [10] and * [11] .
Defence logistics research was already being published in peer-reviewed journals during the 1950s [12] . In their research, Yoho, Rietjens and Tatham searched for the terms "defence logistics", "military logistics" and "defense logistics" in key words, titles, abstracts and texts, and found 276 peer-reviewed journal articles between 1952 and 2010. Most of these were in specialised military journals. The Air Force Journal of Logistics contained 23.6 per cent of those articles.
ILS IN PRACTICE
According to the UK MoD [5] , the cost of support over a system's life-cycle is greater than the acquisition cost. Equipment maintenance makes up a substantial proportion of the operating cost [13] . Thompson [14] argues that the complex technology found in military systems requires specialised support, frequently provided solely by the original equipment manufacturer (OEM). On the other hand, military system logistics support is provided by industry contractors [15] , who must have the necessary resources and skills to support a system -without which the lives of many service personnel are in danger.
In military and industrial procurement programmes, ILS is a stipulated contract item. It is also used in the operational phase of military and industrial systems in South Africa. These include military radar ( [16] [17] [18] ), satellite earth stations, the design of modular nuclear reactors, and industrial and military instrument landing systems [16] .
Elsewhere in the world, ILS is used by the European Aeronautics Defence and Space Company [19] ; the T-129 attack helicopter [20] ; the F-35 joint strike fighter program [21] ; the Australian Defence Force [22] ; and it enabled cost savings on the H-1 Bell helicopter [23] . It allowed Boeing's life-cycle support system to be shared with other users [24] , while life-cycle support services are provided by Patria [25] . For a system to be maintained and supported during the operational phase of its lifecycle, its design is influenced by ILS. While a system's life-cycle is often extended beyond its initial designed life (Blanchard and Trovato in [3] ), obsolescence is a major issue, since suppliers no longer keep an inventory of components. Lack of training (or obsolescence) and the inadequate training of personnel can thus cause major problems.
RESEARCH APPROACH
This study involved empirical research, where primary data was collected by means of case studies and a survey questionnaire. The research had three phases. The literature was analysed in phase one; six case studies were Investigated in phase two; and quantitative research was undertaken in the third and final phase.
Phase 1: Literature analysis
Here the maintenance and obsolescence aspects of ILS are explained. Maintenance is a task performed to restore a failed item to a specific operational condition. Coetzee [42] mentions that a "properly managed maintenance function creates and maintains high levels of availability, reliability and operability" at an acceptable cost. A maintenance philosophy sets out a company's position in respect of the maintenance it should perform and where it will be done. This could entail deciding whether to discard or repair a failed item, and determining whether corrective or preventive maintenance should be performed.
The maintenance concept emanates from the maintenance philosophy, but it also provides inputs to the maintenance plan. Such inputs include logistics support analysis (LSA), maintenance planning, and the maintenance concept. According to Blanchard and Fabrycky [26] , "a detailed plan for maintenance is developed from the maintenance concept, the ongoing maintenance planning effort accomplished throughout system design, and the results from the logistics support analysis". Included in the concept are tasks that need to be performed at different levels of maintenance, scheduling such tasks, maintenance level policy, support elements, organisational responsibilities, effectiveness requirements, the support and maintenance environment, and the availability of resources ( [27] [28] [29] [30] ). The maintenance concept requires a comprehensive analysis of the system [8] .
Inputs for maintenance plan purposes originate from this concept, including support for a specific item of equipment or a system. Maintenance planning includes defining the requirements and creating maintenance support concepts ( [27] , [30] [31] [32] , [10] ).
Maintenance actions are predictive (monitoring a condition), corrective (unscheduled or unplanned maintenance), or preventative (scheduled inspection or servicing -i.e. daily, weekly, monthly, six monthly, yearly). Blanchard [41] discusses corrective and preventive maintenance, and includes "all software maintenance that is not initially planned, such as adaptive maintenance and perfective maintenance" in corrective maintenance. All likely failures (or failure modes), their effects and criticality, are determined by an analysis of these issues (FMECA) ( [6] , [27] , [33] ). Maintenance tasks (e.g., install, calibrate, lubricate) are derived from the FMECA ( [27] , [34] ). The support elements that are necessary to perform such tasks are derived from a maintenance task analysis. For specific tasks, it is necessary to determine who is responsible for them, what actually needs to be done, and with what resources/equipment. A maintenance task analysis will identify resources required (including, but not limited to, facilities, manpower, spare parts, test equipment, tools, and training). Maintenance tasks are allocated numerous sub-tasks; resources are identified to conduct these ( [6] , [3] ).
As indicated, many systems that have long life-cycles are affected by obsolescence. Although the discussion has focused largely on the defence industry, many other industries -e.g., medical, nuclear, petrochemical, power, railways, and telecommunications -are also affected [31] . As noted, obsolescence can be described as diminishing manufacturing sources and material shortages (DMSMS), which concerns "the loss or impending loss of manufacturers or suppliers of critical items and raw materials due to discontinuance of production" [35] . Contemporary and legacy hightechnology systems are suffering from the effects of obsolescence [2] . In his research, Meyer [43] argues that the factors that contribute to component obsolescence include rapid technology advancement, political and legislation impacts, market forces, and a lack of understanding of component obsolescence problems by designers, logisticians, and management. Risk management strategies have been implemented in legacy programmes to reduce the consequences of obsolescence [2] . If a component is obsolete, so too will be the next application of a higher assembly [36] . Meyer [43] states that, at the onset of a project, an obsolescence management plan must be produced and implemented.
Obsolescence can cause a system to become non-operational through the lack of components; so the system might need to be redesigned (part redesign or modification), ensuring that a new component functions within the system. Different product lines supersede old components due to the advancement of technology. In high-technology complex systems, DMSMS is the stage in a system's life-cycle when spare and repair parts are no longer supplied or are in short supply. Obsolescence also affects support and test equipment, the knowledge and skills of staff, and organisational processes and procedures. The total cost of ownership, and life-cycle costs, can increase due to system upgrades that result from the use of components with a short life-cycle.
Phase 2: Case study deconstruction
In phase 2, multiple case studies were investigated. The ILS systems/aspects of six high-technology systems were analysed. Failures of these systems have severe consequences, not least because they have a long life-cycle (typically 40 years or more). Of the case studies researched, one system was in the design phase before being shelved, while the other five systems are in the operational phase of their life-cycle. Three have been in operation for less than 10 years, while two others are older than 30 years and have been upgraded. Yin [37] mentions that there are different types of case study design, ranging from a "single case design" and a "single unit of analysis" to "multiple case designs" and "multiple units of analysis". A multiple case and single unit of analysis, which is at system level, was used for this study. The reliability and validity of the study is justified by using multiple case studies, as doing so makes the evidence more credible (Herriott and Firestone in [37] ).
All the equivalent systems have a maintenance concept or logistics support concept in place that details the different maintenance level responsibilities. The systems exhibit varying levels of maintenance. One system has four maintenance lines, and three have three maintenance levels (operational, intermediate, and depot). One system has two maintenance levels (operational and depot) while another uses three levels of maintenance split into five tiers: Tier one is equivalent to depot level, while the second tier is equivalent to both depot and intermediate levels; tiers three, four and five are equivalent to the operational level. Although the systems stipulate different levels of maintenance, the management is detailed, and all involved are aware of their responsibilities for maintenance. All of the systems in operation have an implemented maintenance plan. Support contracts are in place between the contractor and the end-user organisation. The latter typically performs O-level (operational level) maintenance -i.e., black box exchange -whereas the former performs D-level (depot level) maintenance -i.e., component replacement.
Obsolescence issues differ between the systems. The two systems that have been in operation for more than 30 years encounter component obsolescence issues. They have been upgraded with new technology in order to improve/enhance the system performance. Some assemblies and subassemblies have been modified to match new components. Some suppliers simply do not manufacture old product lines. The users of these two systems are effectively managing obsolescence. Besides component obsolescence, skills are limited, as personnel have either left the organisation or retired, and their knowledge might not have been transferred to junior personnel; so the loss of critical skills negatively affects the support of the system.
Phase 3: Quantitative research
Key areas were established from the case study analysis and literature review that needed more specific research. A questionnaire, targeted at three job levels in the organisations -management, engineering, and maintenance -was developed. A pilot study was conducted on a sample of individuals who would also complete the final questionnaire. The final questionnaire was distributed to 566 respondents at companies involved in ILS. They included engineering and maintenance/support contractors, and the end-user support/maintenance organisation. Two questionnaires were used during the final data collection stage. The first was paper-based and was distributed to the military, whereas the second was web-based; the link was distributed to companies in the industry. The difference between the two was that the questionnaire for the military organisation required security clearance, as it was deemed that some questions required sensitive information to be given in the answers. The questionnaire despatched to the industry organisations was similar to that for the military, but contained some additional questions. Overall, the response rate for the questionnaires was 33 per cent. A higher response rate was obtained from the military than from the industry companies.
Section A of the questionnaire asked one question about demographic/general information, and specifically about job orientation. In Section B there were five questions. Question 2 asked about the respondent's experience and knowledge. Question 3 asked about the determining of obsolescence. Question 4 was about economic decisions about supply support. Question 5 asked the respondents to indicate possible causes of maintenance personnel error. In the final question, Question 6, respondents were asked to rate different types of failures/defects.
The responses from the questionnaires were analysed by means of a contingency table. This compares two or more populations, and is often termed a 'cross-classification' table or a 'crosstabulation' table. It is used to list the "frequency of each combination of the values of the two variables" [38] . A contingency table further allows the researcher to assess one variable's dependence upon other variables [39] . A test statistic, the Chi-square test, was also used for the contingency table. "The chi-squared test of a contingency table is used to determine whether there is enough evidence to infer that two nominal variables are related and to infer that differences exist among two or more populations of nominal variables" [38] . A five per cent significance level was used to test the Chi-square statistic. If the P value probability was below five per cent, then the null hypothesis was rejected, and the dependence of the two variables was established. Cramer's V is "a statistic measuring the strength of association or dependency between two (nominal) categorical variables in a contingency table" [40] . This was used to assess the dependence of the two variables. Table 2 below provides the results of the analysis of the questionnaire data. A discussion of Table 2 follows. Errors committed by maintenance personnel could be attributed to poor procedures and training due to inadequately-defined maintenance concepts. The most important factor causing maintenance problems was maintenance work errors. In addition, the main cause of defects and failures in a system can be attributed to operator-induced errors. The respondents believed that a considerable proportion of a high-technology system's downtime results from operator errors and maintenance-induced errors. The respondents did not regard poor supervision as a key factor contributing to errors made by maintenance personnel. However, they did regard maintenance personnel errors to be a result of poor training and procedures.
The lead-time to repair high-technology systems is critical. For the purpose of maintenance planning, it is important that failure rates are known, ensuring that the necessary resources are available. Having resources and inventory on hand is one way to reduce downtime. The support and reliability of a system is affected by the high failure rate of components. Irrespective of their knowledge base and experience, the respondents viewed 'probability of failure', 'reliability of repaired system', and 'cost to repair' as critical economic decisions about supply support. The respondents also view analysis in the form of FMECA-RCM (failure modes and criticality analysisreliability centred maintenance), level of repair, and logistics support analysis as important factors in drawing up the maintenance plan, concept, and philosophy. In determining a system's life-cycle cost and total cost of ownership, the cost of support is an important factor in obsolescence. Maintenance work is adversely affected by inadequate strategic maintenance objectives, philosophy, and guidelines. If procedures, processes, and actions are unclear, this can result in maintenance staff changing line replaceable units (LRUs) until the fault has disappeared, instead of following diagnostic guidelines.
For maintenance to be efficiently and effectively accomplished, the following grounded technological rules are proposed:
1)
Ascertain the risks associated with the maintenance of the system, and manage these risks 2)
Conduct specific analysis of the system 3)
Delineate the maintenance concept of the specific system and its linkage to other systems 4)
Develop maintenance planning, including analysis 5) Document a maintenance plan for the specific system 6)
Establish the organisation's maintenance philosophy 7)
Implement the maintenance plan across all maintenance levels 8)
Use the defined business strategy (Lambert, 2008 ).
Insights from this study include: continuously train (retrain) maintenance personnel to reduce maintenance work errors; improve procedures; and retrain operators who use the system, in order to reduce operator error. This will assist in reducing the downtime of the system. Also, ensure sufficient inventory is on hand to reduce downtime; conduct FMECA-RCM and logistics support analysis; and implement an obsolescence plan. This article's main aim was to determine whether various ILS aspects -determinants of obsolescence, economic decisions about supply support, possible causes of maintenance personnel error, and types of failures/defects -differ between job orientation, and knowledge and experience. These objectives were achieved in this study.
CONCLUSION
In conclusion, by implementing an ILS system (ILSS), a company can gain competitive advantage and future business opportunities in the market place through managing obsolescence, the DMSMS constraints, and a skills shortage, thus reducing the risks associated with an inadequatelyimplemented ILSS. This risk reduction could ensure that the intended lifespan of a system is reached, and might extend its lifespan. The shortage of skilled personnel is another serious challenge, as it can cause maintenance-and operationally-induced errors that negatively affect the support of a system. An obsolescence management action list must be developed and reviewed on a regular basis to reduce the risks associated with obsolescence and to improve system performance.
Implementing an ILSS offers numerous advantages, including reducing the total cost of ownership and life-cycle costs, and improving the company's bottom line. The firm's market share could increase as customers and suppliers appreciate the value added by the service. Long lead-time effects and the risk of obsolescence are likely to be reduced by the efficient and effective management of inventory. Staff with relevant and appropriate skills sets will, in all probability, be attracted to and retained by the company. Cannibalisation, modification, mothballing, refurbishment, and upgrades will probably be managed successfully. In short, the system's reliability and availability should be significantly improved.
APPENDIX A INTEGRATED LOGISTICS SUPPORT (ILS) RESEARCH QUESTIONNAIRE
Please answer the questions below, either mark them with a cross "" or a tick "", or circle the appropriate option, or highlight the appropriate option, or write/complete the appropriate answer.
SECTION A: DEMOGRAPHIC/GENERAL INFORMATION -FOR STATISTICAL PURPOSES ONLY
Although the following question within this section may be personal, please be so kind as to complete the question, the information will be kept strictly confidential. The information will strictly be used for statistical demographic purposes only.
1) Job orientation?
Engineering Maintenance Management
SECTION B: INTEGRATED LOGISTICS SUPPORT -HIGH TECHNOLOGY SYSTEM RELATED
In order to understand the context with which you are answering the remainder of the questionnaire, please indicate your experience & knowledge base below in question 2:
2) Design of new system Maintenance (relatively new system, less than five years old) Maintenance (system older than five years)
Please rate the importance of the following statement with respect to determinants of obsolescence as they relate to your high-technology system on a scale of 1 to 5, where "1" is most important and "5" is least important.
3)
Cost to support 1 2 3 4 5
Please rate the importance of the following statement with respect to economical decisions as they relate to supply support as they relate to your high-technology system on a scale of 1 to 5, where "1" is most important and "5" is least important.
4a)
Cost to repair 1 2 3 4 5 4b) Failure probability 1 2 3 4 5 4c)
Lead-time to repair 1 2 3 4 5 4d)
Reliability of repaired system 1 2 3 4 5
In your opinion please sort (1 to 3) the options to the following statements as they relate to your high-technology system, where: Most important = "1", and "3" = Least important. An example is given below. 
5)

